Understanding of the molecular responses underpinning diatom responses to ocean 2 acidification is fundamental for predicting how important primary producers will be 3 shaped by the continuous rise in atmospheric CO 2 . In this study, we have analyzed 4 global transcriptomic changes of the model diatom Phaeodactylum tricornutum 5 following growth for 15 generations in elevated pCO 2 by strand-specific RNA 6 sequencing (ssRNA-seq). Our results indicate that no significant effects of elevated 7 pCO 2 and associated carbonate chemistry changes on the physiological performance 8 of the cells were observed after 15 generations whereas the expression of genes 9 encoding histones and other genes involved in chromatin structure were significantly 10 down-regulated, while the expression of transposable elements (TEs) and genes 11 encoding histone acetylation enzymes were significantly up-regulated. Furthermore, 12 we identified a series of long non-protein coding RNAs (lncRNAs) specifically 13 responsive to elevated pCO 2 , suggesting putative regulatory roles for these largely 14 uncharacterized genome components. Taken together, our integrative analyses reveal 15 that epigenetic elements such as TEs, histone modifications and lncRNAs may have 16 important roles in the acclimation of diatoms to elevated pCO2 over short time scales 17 and thus may influence longer term adaptive processes in response to progressive 18 ocean acidification. 19 20 21 22 23
HC) from a plant growth CO 2 chamber (HP1000G-D, Ruihua) at a flow rate of 0.6 L 23 min −1 , controlling the CO 2 concentration with a less than 3% variation. Triplicates of 24 LC and HC cultures were all started with the same initial cell densities of 2×10 4 cells 25 mL −1 . The culture medium was refreshed with pCO 2 and the pH adjusted every 48 26 hours to maintain cell concentrations ranging from 2×10 4 to 2×10 5 cells mL −1 and thus 27 6 maintaining the desired pH and pCO 2 values within a variation of less than 0.5%. The 1 carbonate system in the HC cultures differed significantly from the LC culture 2 (Supplementary Table 1 ). The growth rate was calculated as μ = (ln C 1 −ln C 0 )/(t 1 −t 0 ), 3 where C 0 and C 1 represent the cell density at t 0 (initial or just after the dilution) and t 1 4 (before the dilution), respectively. Cell densities were measured by particle count and 5 size analyzer (Z2 Coulter, Beckman). Pigment concentrations were measured as 6 described in (23) using spectrophotometry (Beckman DU-800, USA). Fv/Fm, 7 effective quantum yield (PSII) were measured by a Xenon-Pulse Amplitude 8 Modulated Fluorometer (XE-PAM, Walz, Germany) at the middle of the light period. 9 Particulate organic nitrogen (PON) and carbon (POC) were measured according to 10 (24). Raw data from ssRNA-seq were cleaned up by removing adapter-contaminated 3 reads (more than 5 adapter-contaminated bases), poly-N containing (more than 5%) 4 and low quality reads (quality value less than 19, accounting for more than 15% of 5 total bases). All the downstream analyses were based on filtered clean data with high 6 quality. The average clean data was 7.1 Gb for ssRNA-Seq. The reference genome of 7 P. tricornutum was downloaded from 8 (http://protists.ensembl.org/Phaeodactylum_tricornutum/Info/Index). Bowtie2 v2.2.3 9 was used for building the genome index (25), and clean data was mapped to the 10 reference genome using TopHat v2.0.12 (26). Read counts for each gene in each 11 sample were counted by HTSeq v0.6.0, and RPKM (Reads Per Kilobase Millon 12 Mapped Reads) was then calculated to estimate the expression level of genes in each 13 sample (27). 14 DESeq(v1.16)was used for differential gene expression analysis. The p-value was 15 assigned to each gene and adjusted by the Benjamini and Hochberg's approach for 16 controlling the false discovery rate. Genes with fold change ratio (HC/LC) ≥2 (q≤0.05) 17 and fold change ratio ≤0.5 (q≤ 0.05) were defined as "up-regulated genes (UGs)" and 18 "down-regulated genes (DGs)", respectively. Genes with fold change ratio (HC/LC) 19 between 1.5 and 2 (q≤ 0.05), fold change between 0.5 and 0.67 (q≤ 0.05) were 20 defined as "relatively up regulated genes (RUGs)" and "relatively down regulated 21 genes (RDGs)", respectively. 
GO and KEGG analysis 24
Gene Ontology analysis (http://www.geneontology.org) was conducted to construct 25 meaningful annotation of genes and gene products in different databases and different 26 species. GO enrichment analysis was used to assess the significance of GO term 27 enrichment among differentially expressed genes (DEGs) in the domains of biological 28 8 processes, cellular components and molecular functions. The GO enrichment of DEGs 1 was implemented by the hypergeometric test, in which p-value was calculated and 2 adjusted as q-value. GO terms with q<0.05 were considered to be significantly 3 enriched. We further performed KEGG (Kyoto Encyclopedia of Genes and Genomes, 4 http://www.kegg.jp/) pathway analysis to explore the roles of the differentially 5 expressed genes in different metabolic pathways and molecular interactions. The 6 genes related to chromatin, protein DNA, chromosomal part, chromosome, histone 7 modification, glycolysis TCA cycle, and photosynthesis (light part), carbon 8 assimilation and N uptake and assimilation were classified manually based on the 9 KEGG and GO gene classification (Supplementary Table 2 ). with protein coding potential. The novel lncRNAs were classified based on the 16 location of the lncRNA gene region in the reference genome. In order to increase the 17 depth of the reads for the increased detection of noncoding RNA transcripts, the 18 noncoding RNA transcript reads derived from the three replicates were pooled since 19 the Pearson correlation coefficients (PCCs) between the RPKM of three replicates of 20 LC and HCs were high (> 0.97). A 1.5-fold /0.67-fold (up-regulated/down regulated) 21 and variance in RPKM and a p value (Fisher's exact test) of < 0.05 were used as 22 cutoffs to define differentially expressed genes, respectively.
24
Interaction network construction 25 The P. tricornutum protein-protein interaction (PPI) network data was downloaded 26 from http://string-db.org/. The differentially expressed mRNA interaction networks, 27 9 specifically transcription factor (TF), histone modification genes and mRNAs 1 interaction networks were constructed in Cytoscape 3.4.0 based on the P. tricornutum 2 PPI network data database. Figure 1 . In general, the numbers of differentially regulated genes 10 under the HC condition were much lower than induced by other stimuli such as 11 nitrogen starvation and phosphate depletion (13, 31) . This may suggest that elevated 12 pCO 2 is not a strong environmental stimulus compared to nitrogen starvation and 13 phosphate depletion for P. tricornutum. Globally, 600 protein coding genes were Table 6 ).
19
The impact of elevated pCO 2 on metabolic genes 20 Our results showed that some genes involved in CCM, 21 energy-production/consumption and light capture were down-regulated after growing 22 in the HC condition for 15 generations (Figure 1, Figure 5 ). As expected, some genes 23 involved in CCM were down-regulated since high CO 2 is expected to reduce the need 24 for CCM. Two genes encoding pyrenoid-localized carbonic anhydrases (Pt CA1: 25 Phatr3_J51305, Pt CA2: Phatr3_J45443) were down-regulated in the HC condition 26 while other genes encoding carbonic anhydrases were not significantly affected by 27 changing CO 2 concentrations (32). Based on RT-qPCR results, the transcriptional 28 11 level of the putative carbonic anhydrase Phatr3_J51305 showed significant 1 down-regulation in HC compared to LC ( Supplementary Table 6 ). The putative HCO 3 -2 transporter (Phatr3_ J54405, SLC4-5) was also down-regulated in HC. However, 3 other putative HCO 3 transporters, including SLC4-2 (Phatr3_Jdraft1806) which has 4 been shown to encode a Na + -dependent HCO 3 transporter at the plasma membrane, 5 were not significantly affected by HC in our study. Phatr3_J38227 encoding a putative 6 CO 2 hydration protein (ChpXY), which was not described in previous studies, was albeit lacking clear subcellular localization information, were also down-regulated.
Genes encoding components involved in electron transfer and oxidation/reduction 20 such as NADH dehydrogenase (Phatr3_EG01423, Phatr3_EG00870) were 21 preferentially down-regulated. Genes encoding V-type ATPase subunit F 22 (Phatr3_J31133) and mitochondrial F-type ATPase (Phar3_J39529), which are 23 directly related to energy consumption and production, respectively, showed 24 down-regulation in HC. The down regulation of genes involved in CCM and energy 25 turnover rate suggest that a general reduction in metabolism may have contributed to 26 the slightly increased growth rate (2.6%) in HC conditions, which is also consistent 27 with previous experimental and modeling results (6, 30).
28
Our physiological assays indicated that the photochemical performance was not 29 significantly influenced after 15 generation under elevated pCO 2 ; however, some light Table 6 ). A gene encoding a putative Cyt b6f iron-sulfur subunit 5 (Phatr3_J13358), which is essential for one of the light reactions in photosynthesis, 6 was also down-regulated. Although photorespiration was not measured in our study, in accordance with the lower energy cost implied by the down-regulation of energy 20 producing genes in HC described above. The down-regulation of ribosome genes in 21 the HC condition was in contrast with the previous study on T. pseudonana 22 acclimated to high CO 2 for 10 days (9), probably because the previous study involved 23 low nitrate concentration. As reported in (33), Pt CA1 (Phatr3_J51305) (19, 20) . It has been further recognized 2 that TEs as diversifying agents may contribute to adaptive processes occurring over 3 short time scales. These aspects may explain the abundance and ubiquity of TEs in the 4 natural environment (38, 40, 41) .
5
In our study, the activation of TEs accompanying the down-regulation of histone 6 genes in the HC condition may increase the potential for genome restructuring, and Previous studies have also shown that histone modification may play a role in 7 responses to different environmental stimuli in diatoms. Histone acetylation is usually 8 considered as the positive hallmark for gene expression and H3K9/14 acetylation and 9
H3K4me2 marks were found to be modulated in response to nitrate limitation in P. conditions in P. tricornutum will therefore be of interest.
18
In order to further analyze the potential roles of histone modification in response to 19 HC, the network of differentially expressed putative histone modification genes and 20 their associated genes was constructed in Cytoscape (Figure 3 ). All putative histone for the culture growing for 15 generations under the HC and LC conditions based on 1 Phatr3 annotation. The majority of the lincRNAs identified are between 600 and 700 2 nt in length and are significantly shorter than mRNAs, which range from 100 nt to 3 more than 3000 nt. The majority of the detected P. tricornutum lincRNAs were also 4 intronless, with one exon of similar size to the exons found in mRNAs previously 5 described (13) (Supplementary Figure 2) . This is a common feature of lincRNAs and 6 has been suggested to be related to the nuclear localization of these transcripts (50).
7
The expression levels of lincRNAs were lower than mRNA in P. tricornutum as 8 shown in Supplementary Figure 3 which is also a common feature of this class of Table   14 8).
15
We compared the lincRNAs identified in our study with the lincRNAs associated 16 with a phosphate fluctuation response (13). The results showed that 140 lincRNAs 17 associated with phosphate fluctuations are also responsive to CO 2 concentrations.
18
Among these 140 lincRNAs, 25 lincRNAs are associated HC conditions, 39 19 lincRNAs are associated with LC conditions, and 76 lincRNAs are associated with 20 both HC and LC conditions as shown in Supplementary Table 9 . Most of the 21 lincRNAs identified in this study are also involved in phosphate stress responses 22 suggesting that linRNAs may play central regulatory roles in response to different 23 environmental conditions. LincRNAs have previously been described to be involved 24 in a multitude of regulatory processes at the transcriptional, post-transcriptional and 25 epigenetic levels (12, 50, 51) . LincRNAs have been namely reported to associate with changes that influence the adaptation of P. tricornutum in response to elevated pCO 2 .
26
In contrast with physiological adjustments, this level of adaptation could be 27 transmitted to subsequent generations and thus have more profound effects on the 
